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ABSTRACT: An efficient silver catalyzed-annulation reaction of aryne with nitriles to generate quinazolines is described. 
Arynes generated from triynes or tetraynes through hexadehydro Diels-Alder reaction (HDDA) readily participated in an 
[A+2B] mode of annulation with nitriles in the presence of AgSbF6 catalyst. The mechanism was explored by DFT 
calculations, which supports the silver catalyzed formation of nitrilium ion as a key intermediate. This annulation generates 
an array of poly-substituted novel quinazoline derivatives with excellent regioselectivity. 

Heterocyclic compounds draw significant attention of 
synthetic chemist because of its immense importance in 
human life.1 Quinazoline, a family of nitrogen-based 
bicyclic aromatic compounds, constitutes the core of 
numerous biologically active molecules that show 
anticancer,2a antibacterial,2b antifungal,2c antiviral,2d 
antitubercular,2e anti-inflammatory,2f antimutagenic,2g 
anticoccidial,2h antimalarial,2i antileishmanial,2j 
antioxidants,2k neuroprotective,2l antiobesity,2m and 
antihypertensive activities.2n Prazosin,3a erlotinib,3b 
trimetrexate,3c vandetanib3d are representatives of 
marketed drugs (Figure 1)3e-f. Also, the unique 
photochromic behavior of quinazoline molecules4 were 
exploited to elucidate cellular signaling processes of 
epidermal growth factor receptor (EGFR)4c-d and α1-
adrenergic receptors.4e-f Recently, 

 

Figure 1. Representative quinazoline-based drugs 

Scheme 1. [2+2+2] Annulation strategies for quinazoline 
synthesis 

 

quinazolines are recognized as light-emitting materials for 
electronic devices.5 

 Many protocols for quinazoline synthesis via a 
nitrilium intermediate are reported in the literature,6a-g 
however, the generality of these methods is often limited 
by the requirement of pre-functionalized arene moieties. 
In theory, quinazolines can be generated via a formal 
[2+2+2] cycloaddition between alkyne or its functional 
equivalent and two molecules of nitrile6a-e,6h-m under 
thermal or acid-catalyzed conditions. Hua realized a 
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complexes  AgSbF6 was found to be the most effective 
catalyst, while other metal triflates such as Zn(OTf)3, 
Mg(OTf)2, and salts, salts, Sm(OTf)3 were also effective. 
With AgSbF6 (10 mol %, 150 °C, 2 h) in benzonitrile as 
solvent, quinazoline 2aa was obtained in 97% yield (entry 
4). When the reaction was carried out in toluene with 5 
equivalents of benzonitrile slightly lower yield (92%) was 
observed. It is noteworthy that a single isomer of 2aa was 
generated from the reaction, which was unambiguously 
assigned by nOe experiments. 

 With the optimized conditions in hand, we next 
explored quinazoline formation from the aryne species 
derived from structurally different tetraynes (1b–1d and 1f–
1j)19 and triynes (1e, 1k, 1l) (Scheme 3). While all carbon-
tethered tetraynes are generally good substrate to generate 
quinazolines in high yield, nitrogen- and oxygen- tethered 
tetraynes afford somewhat low yield of the quinazolines.20 
There seems to be an inverse correlation between the rate 
of aryne formation and the yield of quinazoline. The aryne 
precursors forming arynes slowly (2 h) result in high yield 
of 2ba–2fa in the range of 69–95%, except for 2ga (5 h, 
53%). On the other hand, the nitrogen- and oxygen-
tethered tetraynes consumed quickly (0.5 h) tend to 
decompose to a larger extent, resulting in relatively lower 
yield of quinazolines 2ha–2ja (36–58%). An ester-tethered 
triyne provided quinazoline 2ka in 70% yield (5 h) while 
the corresponding amide-tethered triyne afforded 2la in 
76% yield (5 h). Substituents on aryne intermediates 
played a pivotal role for the regioselectivity of the first 
nitrile addition. Thus, tert-butyl group dictates the initial 
nitrile addition at the meta position from it (2ba & 2bʹa),21 
whereas with trimethylsilyl (SiMe3) substituent,22 nitrile 
addition selectively occurred at the ortho position (2ea), In 
case of aryl substituents, formation of a mixture of two 
isomers was observed with slight meta preference (2ca and 
2fa).23 The identity of these isomers was unambiguously 
confirmed by X-ray diffraction analysis of 2ca and 2ka.24 

 Next, we examined annulation reactions of tetrayne 1a 
with different nitriles (Scheme 4). In these reactions, the 
fluctuating yields with different substrates, most likely 
caused by adventitious water, became more consistent and  
improved by adding molecular sieve (4 Å, 20 wt%)25 to the 
reaction medium. While the reaction with benzonitrile 
provided 2aa in excellent yield (92%), with more electron-
rich benzonitriles containing 4-OMe and 4-NMe2 
substituent, 2ab and 2ac were obtained in  significantly 
lower yield (48%) and with 4-fluoro benzonitrile 2ad  was 
obtained in 68% yield. On the other hand, reactions with 
electron-rich aminonitriles such as piperidinecarbonitrile 
and 4-morpholinecarbonitrile afforded 2,4-diamino 
qunazolines26 2ae and 2af in 83 and 70% yield, respectively. 
Reactions of cinnamyl and vinyl substituted quinazolines 
cinnamylcarbonitrile and acrylonitrile (used as solvent) 
provided 2ag and 2ah in 40 and 54% yield. Aliphatic 
nitriles such as acetonitrile, propionitrile, isobutyronitrile, 
cyclopropane-carbonitrile provided quinazolines 2ai–2al  

Scheme 4. Efficiency of quinazoline formation with 
tetrayne 1a and different nitriles 

 

Conditions: AgSbF6 (10 mol%), toluene, 150 °C, 2 h. a With 
5 equiv of nitrile. b Nitriles as solvent. c With 10 equiv of 
nitrile. 

in good yield (66–87%) when employed as a solvent. 
Sterically more hindered naphthalene-2-carbonitrile (5 
equiv) also provided quinazoline 2am in moderate yield 
(46%). Subsequently, different combinations of aryne 
precursors and nitriles were employed to broaden the 
structural space of the quinazolines (Scheme 5). The 
reaction of ketoarene-tethered triyne generated 2ee and 
2ej in 67 and 63% yield  

 

Scheme 5. Quinazoline formation with structurally 
differentiated triynes and tetraynes with various nitriles 

 

 

Conditions: AgSbF6 (10 mol%), RCN (5 equiv), 150 °C. a 
With 20 wt% 4 Å MS. b Nitrile as a solvent instead. c With 
10 equiv of nitrile. 
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